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(54) Coating method with metallic pigments 



(57) The invention discloses a metallic coating 
method which is characterized by applying a dispersion 
formed by dispersing aluminum flakes which have been 
surface-treated with a Cs-Cia alky ester of phosphoric 
acid in an organic solvent, onto an uncured coated sur- 
face ot a paint-coated object then applying onto the dis- 
persion-applied surface a clear paint, and thereafter 
simultaneously curing these coating films under heat- 
ing. According to this method, the aluminum flakes are 
oriented in parallel with the coated surface, enabling to 
form a metallic coating lilm which is white and excels in 
metallic luster (glittering effect) and furthermore exhibits 
strong flip-flop properties. 



Europaisches Patentamt 
( 19 ) )J)J European Patent Off ice 

Office europ6en des brevets 



CM 

< 

CO 
CM 

o> 

00 



30. 1 999 10:50AM- PPG IND INC LOBBY 



No, 7679 P. 3/8 



EP0 899 023 A2 

Description 

[0001] This invention relates to a novel metallic coating method. 

[0002] A metalEc coating finishing method by "2 coat-1 bake" system is known, which comprises applying a metallic 
paint containing a paint resin composition and aluminum flakes onto a substrate, further applying onto the uncured 
metallic paint-ooated surface a clear paint which forms a transparent coating fim, and then curing these two-layered 
coating film simultaneously by heating, and the technique has been widely used for top coating of automobile body pan- 
els and the like. The metallic coating film exhibits glittering brilliancy and excels in designabifity. 
[0003] It is Ideal for aluminum flakes in this metallic coating film to be oriented In parallel with the coated surface. In 
reality, however, they often are oriented irregularly and it is difficult to form a metallic coating film retaining the excellent 
white, metallic luster inherent in aluminum flakes and moreover having strong flip-flop properties. 
[0004] I have engaged in extensive studies in search tor a method for forming a metallic coating film in which alumi- 
num flakes are oriented in parallel with the coated surface, which excels in whiteness and metallic luster (glittering 
effect) and moreover has strong flip-flop properties. In consequence, I now discovered: by formulating a dispersion of 
aluminum flakes, which have been treated (coated) with a specific phosphoric add alkyl ester, in an organic solvent and 
applying the same to the surface coated with uncured paint film, aluminum flakes are oriented in parallel with the coated 
surface to accomplish the intended effect. The present invention is thus completed. 

[0005] According to the present invention, therefore, a metallic coating method is provided, which method is charac- 
terized by applying a dispersion formed by dispersing aluminum flakes which have been surface-treated with a C 6 -C 16 
alkyl ester of phosphoric acid in an organic solvent, onto uncured coated surface of a paint-ooated object, then applying 
onto the dispersion-applied surface a dear paint and thereafter applying heat to simultaneously cure these coating 
films. 

[0006] The method of this invention is capable of forming a metallic coating film which is white and excellent in metallic 
luster (glittering effect) and moreover has strong flip-flop properties. Here "strong flip-flop properties* means: when the 
aluminum flake-containing metallic coating film is observed, from the frontal direction (at a right angle to the coated sur- 
face) it appears white and glitters to produce excellent brilliancy. Whereas, from diagonal directions the brilliancy is less 
and the coated surface appears dark, largely differing from the former case. That is. a metallic coating film whose metal- 
lic effect markedly varies depending on the angle of observation is said to have "strong flip-flop properties - . Such a coat- 
ing film is rich in designabiirty. 

[0007] In the method of the present invention, "uncured, coated surface" of the coating object onto which a paint has 
been applied corresponds to the surface of the coating object to be applied with a dispersion of aluminum flakes in 
organic solvent, said aluminum flakes having been surface-treated with a Cg-C 1B alkyl ester of phosphoric acid. While 
this surface may be formed by applying an air drying type base paint, it is generally preferred to form it by applying a 
thermosetting base paint (A) which comprises, for example, a base resin, crosslinking agent and organic solvent. 
[0008] Examples of the basic resin to be used in said base paint (A) indude resins having crosslinkable functional 
groups like hydroxyl groups, eg., polyester resin, alkyd resin, acrylic resin and vinyl resin. As the crosslinking agent, 
compounds or resins crosslinkable with the functional groups, such as melamine resin and optionally blocked polyiso- 
cyanate compound can be used. As the organic solvent, any of customarily used solvents for paints such as hydrocar- 
bon type, ester type, ether type, alcohol type and ketone type solvents can be used. Generally suitable blend ratios of 
such base resin to crosslinking agent in the base paint (A) are such that based on the total weight of solid contents of 
the two components, the base resin is within a range of 50-90%. in particular. 60-85%, and the cross-linking agent, 50- 
1 0%. in particular, 40-15%. 

[0009] Besides said base resin, crosslinking agent and organic solvent, if necessary other additives such as coloring 
pigment, brilliant pigment, extender, curing catalyst face regulator, anti-oxidant. flcwabilrty-regulating agent, pigment 
disperser and the like may be suitably blended into the base paint (A). 

[001 0] According to the method of the present invention, the base paint (A) is directly applicable to metallic or plastic 
coating objects such as automobile body panels, or onto a substrate which has been applied with an undercoat such 
as an electropaint and optionally with a surfacer, and cured. 

[001 1] Said base paint (A) is preferably applied to such surfaces of coating objects by such means as electrostatic 
coating, airless spray, air spray or the like, to a thinkness. in terms of cured coating film thickness, of from about i to 
about 45 jim, in particular, from about 1 0 to about 30 urn. 

[0012] Said "uncured coated surface** onto which a dispersion (B) of aluminum flakes in organic solvent is to be 
applied, said aluminum flakes having been surface-treated with a Ce-C 18 alkyl ester of phosphoric acid in accordance 
with the present invention, may be one which has been applied with uncured coating of above-described base paint (A). 
More specifically a surface coated with the base paint (A) and subsequently allowed to stand for several minutes or 
more at room temperature is preferred. Whereas, when the coated surface is further subjected to a compulsory drying 
at 50-1 00°C for 1-30 minutes after the air drying, the resulting coated surface (preferably having a gel ratio not higher 
than 60% by weight, in particular, not higher than 40% by weight) also is included in the "uncured coated surface' 
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accordingtothepresentinventton. Here the "gel ratio" is determined as follows: a coating fOm after to 
ing is extracted with acetone at reflux temperature for 5 hours, and the residual ratio of the coating film after the extrac- 
tion versus before the extraction is expressed by % by weight. 

[001 3] The dispersion (B) to be applied onto the "ungured coated surface" is prepared by dispersing aluminum flakes 
s which have been surface-treated with a C 8 -Ci 8 aJkyl ester of phosphoric acid in an organic solvent 

[0014J Aluminum flakes to be used in said dispersion (B) can be those known gsL Sft for example, metal aluminum 
which is mechanically crushed into flakes by stamp mill process, dry ball mill process, wet ball mill process or the Tike; 
and also leafing type and non-leafing type aluminum flakes whose surfaces are coated with long chain fatty actd such 
as stearic acid, oleic acid and the like which is used as a lubricant in the occasion of crushing. Generally preferred size 
io of these aluminum flakes is such that their longitudinal length is within a range of 2-50 um, in particular, 10-30 um and 
thickness, within a range of 0,1-2 urn, in particular, 0.3-1 um. 

[OOt 51 As the C B -C 18 alkyl esters of phosphoric acid which are used tor surface treatment (coating) of the aluminum 
flakes, compounds expressed by a formula 

1S (OH)m-P=0(OR)n 

(in which m is 1 or 2. n is 1 or 2, m+n being 3, and 

R is a CjrCis, preferably C 12 -C l8 . straight chart or branched chain alkyl group) 

so are suitable, specific examples including dinonanoic acid phosphate, dioctanoic acid phosphate, dilaury acid phos- 
phate, monolauril acid phosphale, ditridecyl acid phosphate, monotridecyl add phosphate, distearyl acid phosphate, 
monostearyi acid phosphate, cfiisostearyl add phosphate, monoisostearyi acid phosphate, dioleyl acid phosphate and 
monooleyl acid phosphate, which can be used either alone or in combination of two or more. 
[0016] As methods tor surface-treating aluminum flakes using above phosphoric acid alkyl esters, for example, the 

2S following may be used: 

(l) to conduct aforesaid crushing step of aluminum in the presence of said phosphoric acid alkyl ester and option- 
ally in the concurrent presence of a lubricant sue* as oleic acid, stearic acid or the like, whereby forming the alumi- 
num flakes; or 

so (2) to mix crushed aluminum flakes, if desired, in the presence of a lubricant like oleic acid or steanc acid, with an 
organic solvent to form a paste, which is then Wended and stirred with phosphoric ackJ alkyl ester. 

[001 7] In the methods as abov*<iescribed, the blend ratio (treating amount or coating amount of the phosphoric add 
alkyl ester to the aluminum flakes is suitably within a range of generally 1 -20 parts by weight, in particular. 1.5-15 parts 

55 by weight, infer alia, 2-10 parts by weight, per 100 parts by wei^it of aluminum flakes. 

[0018] As the organic solvent in which said aluminum flakes which have been surface-treated with C fl -Cia alkyl esters 
of phosphoric acid are to be dispersed, those customarily used for paints can be used, examples thereof including: 
hydrocarbon-type such as hexane, heptane, xylene, toluene and cyclohexane; ester-type such as methyl acetate, ethyl 
acetate, ethylene glycol monomethyl ether acetate and diethylene glycol monomethyl ether acetate: ether-type such as 
40 isopropyl ether, ethylene glycol monomethyl ether and diethylene glycol monobutyl ether; alcohols such as methyl alco- 
hol, ethyl alcohol, butyl alcohol and hexyl alcohol; and ketone-type such as methyl isobutyl ketone, methyl ethyl ketone, 
isophorone and acetophenone. 

[0019] The ratio between the aluminum flakes which have been surface treated with such phosphonc acid alkyl ester 
and organic solvent is variable depending on, for example, the kind of me uncured coated surface. Whereas, generally 
45 preferred ratio is such thai, based on the total sum of these two components, the former is within tne range of 1-50%, 
in particular, 2-10%. intsrjilia, 2-7% and the latter. 99-50%, in particular, 98-90%. inter alia, 98-93%. the percentages 
being by weight. 

[0020] Dispersion (B) is basically one formed by dispersing aluminum flakes which have been surface-treated with 
the phosphoric acid alkyl ester in organic solvent If necessary, it is permissible to further blend thereinto thermosetting 
so paint resin composition, coloring pigment, extender and the like, in such amounts as will not substantially affect orient- 
ability of the aluminum flakes. ™- t ^ 
[0021 1 Examples of said thermosetting paint resin composition which may be added to dispersion (B) include: com- 
positions comprising a base resin such as acrylic resin, polyester resin and alkyd resin which have crosslinkable func- 
tional groups, eg., hydroxy! groups, carboxyl groups and epoxy groups; and cross-linking agent which is readable with 

56 these functional groups. As the crossfinking agent partially or fully ethertfied melamine resin, immo-contaming mela- 
mine resin, optionally blocked polyisocyanate compound, carboxyl-containing compound or epoxy-containing com- 
pound can be used. Suitable ratio of said base resin to the crossinWng agent in such a composition is such that based 
on the total weight of the two components, the former is within a range of 50-90%. in particular, 55-80% and the latter, 
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50-10%, in particular. 45-20%, percentages being by weight. 

[0022] The amount of such a paint resin composition to be blended into the dispersion (B) is generally no more than 
100 parte, preferably 1-50 parts, in particular, 2-20 pads, per 10O parte (solid content) of the aluminum flakes which 
have been surface-treated with the phosphoric acid alkyf ester, parts being by weight 

s [0023] In the method of the present invention, the cfisperaon (B) can be applied to the "uncured coated surface" with 
base paint (A), by such means as electrostatic coating, airless spray, air spray and the like. Suitable thickness of its 
coating film (consisting either of the aluminum flakes only or optionally containing still other solid) is within a range of 
from about 0*5 to about 5 jim, in particular, from about 0.8 to about 2 pm, in terms of cured film thickness. 
[0024] When said dispersion (B) is applied to the "Uncured coated surface", the organic solvent contained In the ds- * 

10 persion (B) penetrates into the "uncured coated surface" of the lower layer and/or evaporates off .Thus, in the coated 
film formed of the dispersion (B) concentration of the aluminum flakes Increases, and the aluminum flakes can be 
aligned uniformly and densely/and are more readily oriented In the direction parallel to the uncured coated surface. In 
consequence, it becomes possible to form metallic coating f im which is white, excels in metallic luster and has strong 
flip-flop properties, an achievement which has never been attained with metallic coating films formed of conventional 

is aluminum flake-containing paints. Morever, because the dispersion (B) is applied to the "uncured coated surface" by 
customarily employed methods, there is no need to largely change the conventional coating steps. 
[00251 According to the method of the present invention, the "uncured coated surface" onto which the dispersion (B) 
is applied is subsequently allowed to stand at room temperature, or further subjected to a compulsory drying at 50- 
100 B C for 1-30 minutes, and while the coating films are still uncured, dear paint (C) is applied onto the surface coated 

20 with the dispersion (B). 

[0026] Clear paint (C) is preferably a par se known organic solvent-type thermosetting paint containing a base resin, 
crosslinking agent and organic solvent, and if necessary also solid color pigment, metallic pigment, iridescent pigment, 
ultraviolet absorbing agent and the like, which has transparency of a degree as will allow perception of the metallic 
effect of the coating film of dispersion (B) through the coating film formed of the dear paint. 

25 [0027] Examples of base resins useful for dear paint (C) indude acrylic resin, polyester resin, alkyd resin, fluorine- 
containing resin, urethane resin and silicon-containing resin which contain crosslinkable functional groups such as 
hydroxy! group, carboxyi group, silanol group, epoxy group and the Kike, in particular, acrylic resins containing such 
crosslinkable functional groups are preferred. As the crosslinking agent for example, melamine resin, urea resin, 
optionally blocked poiyisocyanate compound, epoxy compound or resin, caiboxyl-containing compound or resin, acid 

30 anhydride group- or altaxysilane group-containing compound or resin which are readable with these functional groups 
may be named. As the melamine resin, those preferred are partially or fully etherified melamine resins with Cj-Cg 
monohydric alcohols, having 1 to 5 triazine ring. 

[0028] Such dear paint (C) is obtained by mixing and dispersing said base resin and crosslinking agent in an organic 
solvent for paint It is permissible to further blend such additional components as, eg., coloring pigment, metallic paint, 

35 ultravidet absorber and the like into the paint. 

[0029] A dear paint (C) whose solid component concentration is adjusted to about 30 - about 80% by weight at the 
application time is applied onto an uncured surface coated with said dispersion (B) by electrostatic system or spray sys- 
tem to a thickness of from about 5 to about 100 jim. preferably from about 20 to about 80 pm t in terms of cured coating 
film. Then the coating object is heated at about 100 to about 180°C for about 10 to about 40 minutes, whereby curing 

*o the coating films of the base paint (A), dispersion (B) and clear paint (C) simultaneously. Thus a metallic coating film 
according to the present invention can be formed. 

[0030] According to the above-described method of the present invention, in the three-layered coating film composed 
of those of the base paint (A), dispersion (B) and dear paint (G), concentration of the aluminum flakes in the coating 
film of the dispersion (B) can be increased, so that the aluminum flakes are ready to be oriented uniformly and densely 
<5 on the base paint (A)-coated surface, and furthermore in the direction parallel with the coated surface. In consequence, 
a metallic coating film which is white, excels in metallic luster and exhibits strong flip-flop properties as compared with 
conventional metallic coating films formed with use of aluminum 1 lakes can be formed. 

[0031] Hereinafter the invention is more specifically explained, referring to working and comparative examples, in 
which parts and percentages are by weight 

so 

1 . Sanrples 

1) Coating object: 

55 [0032] Onto a dull steel sheet Of 0.8 mm in thickness which had been given a 2inc phosphate treatment, a thermoset- 
ting epoxy resin-type cationic electropaint (Elecron® 9600, Kansai Paint} was electrodeposited to a cured film thickness 
of about 20 m. and cured under heating at 170*C for 30 minutes. Then a surfacer for automobiles (a thermosetting pol- 
yester resin-meiamlne resin-organic solvent system, "TP-37 Primer Surfacer: Kansai Paint tradename) was applied 
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onto the cured coaling film to a thickness of about 25 u, in terms of a cured film thickness, by air spray coating, followed 
by 3 minutes' standing at room temperature and 30 minutes' heating at 140»C to cure the surfacar film. Thus the coating 
object to be used in the subsequent tests was prepared 

5 2) Base paint (A) 
(A-1): 

[0033] A hydroxyi-containing acrylic resin (M) 75 parts and butyl etherified melamine resin f2) 25 parts were mired 
10 with, and dispersed in, organic solvent (toluene/ethyl acetateTSwasol® 1 500" f 3) at weight ratios of 50/30/20). and the 
viscosity was adjusted to 13 seconds/Ford (viscosity) cup #4/20°C. 

P) hydroxyi-containing acrylic resin; a polymer obtained through copolymerization of methyl methacrylate 38%, 
ethyl acryiate 1 7%, n-butyl acryiate 1 7%, hydroxyethyl methacrylate 7%, lauryt methacrylate 20% and acrylic acid 
75 1 %. which had a number-average molecular weight of 50,000 and a hydroxy) value of 54 mgKQH/g. 
f2) butyl-etherified melamine resin: 'U-van® 28-60" (Mitsui Toatsu Chemical. Inc.) 
(*3) "Swasol® 1500" (Cosmo Oil Co , a petroleum aromatic hydrocarbon solvent 

3) Dispersion (B): 

20 

(B-1) 

[0034] One-hundred (1 00) parts of aluminum flakes of 12 urn in longitudinal length which had been obtained by pul- 
verization in the presence of oleic acid (lubricant) were mixed with, and dispersed in, an equal weight mixture (2.5 parts) 
2S of dilauryl acid phosphate and monolauryl acid phosphate and xylene (200 parts), art allowed to stand at room tem- 
perature tor 10 minutes to form an aluminum paste. 

(B-2) 

so [0035] One-hundred (1 00) parte of aluminum flakes of 16 urn in longitudinal length which had been obtained through 
pulverization in the presence of oleic acid (lubricant) were mixed with, and dispersed in, an equal weight mixture (5 
parts) of dilauryl acid phosphate and monolauryl acid phosphate and xylene (200 parts), and allowed to stand at room 
temperature for 10 minutes to form an aluminum pasta 

ss (4) Gear paint (C) 

(C-1) 

[0036] A hydroxyi-containing acrylic resin (*4) 70 parts, a melamine resin (*2) 30 parts. Tinuvin® 300 (tradename: 
ao ciba Geygie, an ultraviolet absorbent) 1 part and BYK® 300 (tradename: BYK Chenm'e, a surface regulator), parts 
being by weight, were mixed and dispersed in a hydrocarbon-type solvent, SWASOL® 1000 (tradename: Cosmo Oil 
Co.). and the viscosity of the dispersion was adjusted to 25 seconds/Ford (viscosity) cup #4/20°£ 

(•4) hydroxyi-containing acrylic resin: a polymer obtained through copolymerization of styrene 20%, hydroxylethyl 
45 methacrylate 20%. n-butyl acryiate 20%. n-butyl methacrylate 30% and 2-ethylhexyl acryiate 10%, percentages 
being by weight; said polymer having a number-average molecular weight of about 5,000. 

2. Examples and Comparative Examples 

60 [0037] Onto the cured surfacer-coated surface of the coating object a base paint (A), dispersion (B) and dear paint 
(C) were applied wet-on-wet, followed by a heating at 1 40°C for 30 minutes to cure these multi-layers in the coating film 
simultaneously 

[0036] These coating steps and the results of performance test of the multi-layered coating film are shown in Table 1 . 
In said Table 1 , ('5) is a metallic paint formed by dispersing 10 parts by weight of aluminum flakes having a longitudinal 
ss length of 12 urn, per 100 parts by weight of the solid resin content of base paint (A-1), whose viscosity was adjusted to 
the same to that of sard base paint (A-1 ). 
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Dispersion 
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Drying 


room temp, 5 mia 




Clear paint 


Sample code 


C-1 
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C-1 




Film thickness 


40 


40 


40 




Heating 


140 o C.30min. 


Test result 








Appearance 


O 


O 
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IV ! 


280 


300 


180 



• Film thickness is that of cured film: unit by Mm. 



Test method 

[0039] Appearance: Density of aluminum flakes and their brilliancy were visually observed and graded according to 
so the following standard: 

excellent in density and brilliancy 
inferior in density and brilliancy 
markedly inferior in density and brilliancy 

IV values were measured by laser radiation with ALCOPE LMR®-200 (tradename: Kansai Paint Co.). "IV value" 
refers to brightness or darkness of metallic coating film, which indicates luminance, lightness and intensity of 
metallic luster. The greater the value, the higher those properties. 

Claims 

40 

1 . A metallic coating method which is characterized by applying a dispersion formed by dispersing aluminum flakes 
which have been surface-treated with a C 0 -C 18 alkyl ester of phosphoric acid in an organic solvent, onto an 
uncured coated surface of a paint-coated object, then applying onto the dispersion-applied surface a dear paint, 
and thereafter simultaneously curing these coating 13ms under heating. 

2. A method according to Claim 1 in which said Ce-C ia alkyl esters of phosphoric acid are the conpounds expressed 
by the following formula, 

(OH)m-P=0(OR)n 

60 

in which m is 1 or 2, n is 1 or 2 and rmn is 3; and R is a C 8 -C ia straight chain or branched chain alkyl group. 

3. A method acoording to Claim 2, in which R is a C ir C 19 straight chain or branched chain alkyl group. 

& 4. A method according to Claim 1 , in which the ratio of the surface-treated aluminum flakes to the organic solvent in 
said dispersion is such that, based on the total sum of these two components, me former is within a range of 1-50% 
by weight and the latter, within that of 99-50% by weight. 



X; 
as IV: 
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5. A method according to Claim 4, in which the ratio of the surface-treated aluminum flakes to the organic solvent in 
said dispersion is such that based on the total sum of these two components, the termer is within a range of 2-7% 
by weight, end the latter, within that of 98-93% by weight 

s 6. A method according to Claim 1 , in which the film thickness of the applied dispersion is within a range of from about 
0.5 to about 5 |im, in terms of its cured film thickness. 

7. A method according to Claim 1 , n which the paint for forming the uncured coated surface of the coating object is a 
thermosetting base paint conr^rising a base resin. crosslinMng agent and an organic solvent 

10 

8. A method according to Claim 7, in which the coated film thickness of the base paint is within a range of from about 
i to about 45 pm, in terms of its cured fflm thickness: 

9. A method according to Claim i f in which the clear paint is an organic solvent-type thy mosetting paint comprising 
is a base resin, crosslinking agent and organic solvent, and further qptionally solid color pigment metallic pigment 

iridescent pigment ultraviolet absoibent and the like as Wended therein. 

1 0. A method according to Claim 1 , in which the coated film thickness of the clear paint is within a range of from about 
5 to about 1 00 Mm, in terms of its cured film thickness. 

1 1. A method according to Claim l , in which the formed mufti-layer coating f Urn is cured under heating at temperatures 
of about 1 00-1 80°C for about 10 to about 40 minutes. 

1 2. The articles coated by the method of Claim 1 , 

1 3. Aluminum flakes which are surface-treated with a Cg-C, 8 alkyf ester of phosphoric acid. 

14. A dispersion formed by dispersing aluminum flakes which have been surface-treated with a C 8 -C 18 alkyl ester of 
phosphoric acid in an organic solvent. 

so 
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